Cyathostomins are the most prevalent parasitic pathogens of equids worldwide. These 26 nematodes have been controlled using broad-spectrum anthelmintics; however, cyathostomin 27 resistance to each anthelmintic class has been reported and populations insensitive to more 28 than one class are relatively commonplace. The faecal egg count reduction test (FECRT) is 29 considered the most suitable method for screening anthelmintic sensitivity in horses, but is 30 subject to variation and is relatively time-consuming to perform. Here, we describe a larval 31 migration inhibition test (LMIT) to assess ivermectin (IVM) sensitivity in cyathostomin 32
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populations. This test measures the paralysing effect of IVM on the ability of third stage 33 larvae (L3) to migrate through a pore mesh. When L3 from a single faecal sample were 34 examined on multiple occasions, variation in migration was observed: this was associated 35
with the length of time that the L3 had been stored before testing but the association was not 36 significant. Half maximal effective concentration (EC50) values were then obtained for 37 cyathostomin L3 from six populations of horses or donkeys that showed varying sensitivity 38 to IVM in previous FECRTs. Larvae from populations indicated as IVM resistant by FECRT 39 displayed significantly higher EC50 values in the LMIT than L3 from populations classified 40 as IVM sensitive or L3 from populations that had not been previously exposed to IVM or had 41 limited prior exposure. The analysis also showed that EC50 values obtained using L3 from 42 animals in which IVM faecal egg count reduction (FECR) levels had been recorded as <95% 43 were significantly higher than EC50 values obtained using L3 from animals for which FECR 44 was measured as >95%. For one of the populations, time that had elapsed since IVM 45 administration had an effect on the EC50 value obtained, with a longer time since treatment 46 associated with lower EC50 values. These results indicate that the LMIT has value in 47 4 perform and subject to less variability need to be investigated. For cyathostomins, such tests 78 should focus on ML anthelmintics. This is because these products hold the major market-share 79 worldwide and, as the prevalence of ML resistance is currently less advanced than with BZ and 80 THP anthelmintics (Molento et al., 2012) , and hence tests that inform on sensitivity to ML are 81 likely to have most impact on mitigating the spread of resistance. Molecular mechanisms 82 leading to ML resistance in cyathostomins remain to be defined, so there are no molecular tests 83 available, leaving bench-based in vitro tests as the remaining option. 84
The larval development test has been investigated for measuring anthelmintic sensitivity in 85 cyathostomins; however, this test has not proven particularly informative in defining ML 86 sensitivity levels (Tandon and Kaplan, 2004 populations. This test was deemed appropriate for purpose because the major targets of IVM 92 are ligand-gated chloride channels, which, when bound, result in nematode paralysis (Shoop et  93 al., 1995) and hence will affect the ability of larvae to migrate through small pores of a filter. 94
The cyathostomin populations examined in the current study were derived from groups of 95 
Value of the LMIT results in defining IVM sensitivity amongst cyathostomin populations 236
When the test was run on seven occasions on different days using L3 derived from a 237 single donkey, it was found that L3 stored for shorter periods in culture generally exhibited 238 higher migration in the presence of IVM, but the differences observed between storage time 239 points were not significant. The L3 migration values were then compared amongst the six 240 cyathostomin populations. The percentage of times that < 70% migration in the control wells 241 was observed was 10%. When < 70% migration was observed, the test was repeated with L3 242 from the same individual; however, < 70% migration was achieved in all subsequent tests 243 with these samples, so the LMIT data from these L3 were not used in subsequent analyses 244 and are not included in the numbers quoted for each equid population, above. The range of 245 Table 2 the results of the LMIT and the in vivo anthelmintic resistance status (Gill and Lacey, 1998) . 319
EC50 values obtained for each population (A-F) is shown in
In the Haemonchus study, the association was found to vary depending on how the nematode 320 strains were selected, with no correlations found when using strains that had been selected 321 experimentally using sub-optimal doses of anthelmintic. In agreement with the current study, 322 though, good correlations between migration in the test and the results of prior FECRT 323 analysis were found when resistant strains isolated from the field (i.e. selected with 324 therapeutic doses of anthelmintic) were compared. 325
One observation from the current study was that although there was a significant 326 difference observed in EC50 values between IVM-R or IVM-RERP and IVM-S populations, 327 there was variation within each population in the EC50 value obtained using L3 derived from 328 individual animals (Table 2 ). This was particularly noticeable in the IVM-R isolates. 329
Although this concurs with variation in ML FECR levels obtained by FECRT in the IVM 330 resistant populations here, this level of variability could affect the value of this test if pooled 331 samples were to be assessed from a given population in the field, where it could be 332 impractical to run the test on many individuals. Two further confounding factors were 333 identified. One of these was the length of time that L3 had been stored in the laboratory 334 before the test. An effect of culture age on migration was observed, even though L3 were 335
Baermannised just prior to running the test. In previous publications using ruminant 336 et al. (2000) compared the sensitivity to condensed tannins of Trichostrongylus colubriformis 342 larvae stored for 1 month versus larvae stored for 7 months. Similar to the findings here, 343 these authors found that the T. colubriformis L3 stored for longer periods in the laboratory 344 were more sensitive to the xenobiotic tested than larvae stored for shorter periods (p<0.001). 345
The differences observed in the current study were not significant; however, larvae were 346 stored up to only 55 days as opposed to 7 months. On the basis of the results here and the 347 observations made in other nematode species, it is recommended that L3 be used as fresh as 348 possible when assessing IVM sensitivity in the LMIT. identified that Cyathostomin catinatum became the predominant species in the two 371 populations that were tested. Furthermore, cyathostomin species composition in donkeys can 372 be different from species composition in horses (Matthee et al., 2004) . For these reasons, the 373 authors will now examine the species of cyathostomin present in these populations using L3 374 recovered from the LMIT utilising species specific DNA probes that they have developed 375 based on intergenic spacer region nucleotide sequences (Cwiklinski et al., 2012) . 376
Although the results here indicate that the LMIT has value in providing information on the 377 IVM sensitivity status of a cyathostomin population, it cannot be assumed that the 378 'resistance' mechanisms that affect the ability of the L3 to migrate in the LMIT are the same 379 as those present in parasitic stages that operate to allow these stages to survive treatment in 380 the host. As such, the LMIT provides only a gauge on the relative IVM sensitivity of a 381 population. There is some indication from the work of van Doorn et al., (2010) , that the 382 mechanism at play in the LMIT involves glutamate, but this requires further study. Despite 383 the aforementioned limitations, significant differences in LMIT EC50 values were observed 384 here between cyathostomin larvae derived from IVM-R or IVM-RERP populations and 385 larvae obtained from populations that were shown to be, or assumed to be, IVM sensitive. 386
Moreover, at the individual equid level, a direct correlation was identified between the 387 percentage reduction in FEC measured in vivo using the IVM-FECRT and the LMIT EC50 388 value obtained using L3 from the same animal. The parasite isolates used here may be at theextremes of IVM sensitivity and resistance (as indicated by the high resistance ratios 390 generated for populations A and B when compared to population F) than may be found 391 generally, and work now needs to be performed using samples derived from a wider range of 392 populations for which the in vivo resistance phenotype is not so obvious, for example, 393 cyathostomin populations for which IVM FECR is > 95% but the strongyle ERP is reduced. 
